Introduction {#sec1-1}
============

Aberrant expression of immumophenotypic markers is commonly found in patients of acute leukemia. T-cell acute lymphoblastic leukemia (T-ALL) also shows aberrant markers such as CD13, CD33, CD117, CD10, and CD79a. Morphologically, ALL has been categorized into L1, L2, and L3 subtypes.\[[@ref1]\] Till now, no study has been done to correlate these markers with morphological features of T-ALL. In an era of flow cytometry, morphology is assuming a backseat; nevertheless, it is interesting to identify such associations. This study aimed to correlate the expression of aberrant immunophenotypic markers with morphology in T-ALL.

Materials and Methods {#sec1-2}
=====================

This descriptive study was done in collaboration with the Hematology Section of two tertiary care centers in Delhi. All the cases of T-ALL diagnosed by flow cytometry over a period of 2½ years were taken out from the records. Their peripheral blood smear was screened to correlate the morphology of blasts with the expression of aberrant markers. The diagnosis of T-ALL was made by expression of cCD 3 in \>10% of blasts. A total of 40 cases of T-ALL were identified during 2½-year-period of our study. In all the cases, peripheral smear stained by Wright\'s stain was examined for morphology of the blasts. They were categorized into L1, L2, and L3 on the basis of French--American--British (FAB) classification.\[[@ref1]\] L1 blasts are smaller in size, have coarse chromatin and homogenous nuclei. L2 blasts are larger than L1 blasts and are characterized by nuclear heterogeneity. L3 blasts are also larger than L1 blasts, have homogeneous nuclei and are characterized by the prominence of vacuoles inside of the cell.\[[@ref1]\] Further, immunophenotyping was done on flow cytometer (Beckman coulter, FC500). The antibody expression of CD10, CD79a, CD33, and CD117 was studied. Expression of aberrant markers and their correlation with morphology in T-ALL was then analyzed statistically.

Results {#sec1-3}
=======

The age range of the patients was 4½--58 years with a male-to-female ratio of 1.88:1. The mean total leukocyte count was 115,543 ± 5462/mm^3^ and mean blast percentage was 70% ± 12%. Aberrant expression of CD10 (17 cases), CD79a (19 cases), CD33 (13 cases), and CD117 (14 cases) was frequently observed and was further studied for morphological correlation (23 cases). [Table 1](#T1){ref-type="table"} shows the frequency of these markers. The expression of CD79a was seen in 47.36%. However, it was dim in most of the cases. The data of expression of CD2, CD4, CD5, CD8, CD7, and Tdt were not available in all the cases; hence, the categorization of T-ALL into pro, pre, cortical, and mature Subtypes based on European Group for the Immunological characterization of leukemias (EGIL) could not be done. Further, the aberrant expression was correlated with morphology.
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[Table 1](#T1){ref-type="table"} shows the percentage aberrant expression of the four markers. Tables [2](#T2){ref-type="table"}-[5](#T5){ref-type="table"} show the correlation of morphology with aberrant expression of CD10, CD79a, CD33, and CD117, respectively.

CD117 and CD33-positive cases showed L2 morphology (4/6 \[66.6%\] and 4/5 \[80%\], respectively) with the presence of convolutions (5/6 \[3.3%\] and 5/5 \[100%\], respectively) \[[Figure 1a](#F1){ref-type="fig"} and Tables [4](#T4){ref-type="table"}, [5](#T5){ref-type="table"}\], while cases with expression of CD79a showed L1 morphology (9/9 \[100%\]) with absent to occasionally present convolutions (9/9 \[100%\]) \[[Figure 1b](#F1){ref-type="fig"} and [Table 3](#T3){ref-type="table"}\].CD10 positive cases had L1/L2 morphology with absent to occasionally present convolutions \[[Table 2](#T2){ref-type="table"}\].

###### 

Correlation of morphology with aberrant expression of CD 10 (6/17 \[35.3%\])
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###### 

Correlation of morphology with aberrant expression of CD79a (9/19 \[47.36%\])
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###### 

Correlation of morphology with aberrant expression of CD117 (6/14 \[42.28%\])
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###### 

Correlation of morphology with aberrant expression of CD33 (5/13 \[38.46%\])
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![(a) Lymphobalsts with L2 morphology and many convolutions (Giemsa, ×400). Inset: a lymphoblast with flower-like convolutions. (b) Lymphoblasts with L1 morphology and absent convolutions (Giemsa, ×400). Inset: lymphoblast with absent convolutions](JLP-10-410-g006){#F1}

Discussion {#sec1-4}
==========

Acute leukemia is a Clonal expansion of tumor cells in bone marrow, blood, or other tissues. It can be either acute myeloid leukemia or acute Lymphoblastic leukemia (ALL) based on the lineage of the blast cells under the control of cytokines. Blasts from different lineages express different subsets of surface molecule called as cluster of differentiation (CD) antigens, the expression of which can be determined by flow cytometry. Sometimes, blast cells of one lineage do not exhibit the features of normal cellular differentiation but show the expression of other cell lineage. This phenomenon is called as "aberrant expression" of CD markers.\[[@ref2]\]

T-ALL is an aggressive malignancy involving peripheral blood, bone marrow, and lymph nodes with frequent involvement of central nervous system. It commonly occurs in children and adolescents, being more common in men than women. Immunophenotypically, T-ALL is positive for CD2, cCD3, CD7, CD34, and human leukocyte antigen-D related.\[[@ref3]\] Aberrant expression of myeloid antigens has been reported in 10%--47% in ALL.\[[@ref2]\] In T-ALL, CD10 (15%--40%)\[[@ref4]\] and CD79a (40%)\[[@ref5]\] are commonly expressed. While CD33 may be expressed (20%--33%),\[[@ref3]\] the expression of CD117 is a rare phenomenon.\[[@ref3]\]

Various studies have reported aberrant antigen expression to be associated with prognostic significance and chromosomal alterations. Bhushan *et al*. in their study have shown that expression of myeloid antigens CD13 and CD33 has a favorable outcome in T-ALL but not in B-ALL.\[[@ref6]\] CD117 is generally considered a marker of leukemic cells committed to the myeloid lineage but rarely can be expressed in T-ALL. Hoehn *et al*. in their study concluded that the immunophenotypic profile of TdT ± CD7 ± CD13 ± CD34 ± CD117 + (bright) is highly suggestive of FLT3 mutation, with 100% sensitivity and 94% specificity in T/myeloid and T-ALL.\[[@ref7]\] It has also been suggested that CD117 could be used as a surrogate for FLT3 and CD117-positive T-ALL patients can benefit from FLT3 inhibitors.\[[@ref8]\]

CD79a is considered a useful marker for identifying B-cell lineage in malignant neoplasms. It is a cell-surface molecule which interacts with membrane immunoglobulins through its cytoplasmic domain and mediates intracellular signal transduction after antigen binding. In view of this interaction, it is considered to be highly specific for B cells. It is also a highly sensitive marker for B cells as it is expressed in the earliest stage of B-cell development, preceding the expression of CD19 as well as in the late stage of B-cell differentiation (i.e., plasma cells). However, aberrant expression of CD79a (40%) has been reported in T-ALL, suggesting that it might not be as specific as it was believed.\[[@ref5]\] Pilozzi *et al*. performed gene rearrangement studies in ALL patients with co-expression of cCD 3 and CD79a and showed that all the patients studied had T cell receptor gamma gene rearrangement, and none showed immunoglobulin heavy chain gene rearrangement, strongly suggesting that CD3+ cases of ALL are of T-cell lineage, regardless of CD79a expression.\[[@ref9]\] This also points to the fact that CD79a can be expressed independently of B-cell receptor. CD79a-positive T-ALL is confined to pediatric age group (≤18 years), are associated with unusual cytogenetic abnormalities (complex karyotypes), as well as respond poorly to treatment as studied by Lai *et al*.\[[@ref5]\]

CD10, initially known as common acute lymphoblastic leukemia antigen, was identified as one of the earliest markers expressed by leukemic cells of the lymphoblastic lineage. CD10 expression on leukemic cells remains a useful subclassification (EGIL) tool for B-lineage leukemias, but its aberrant expression is quite commonly seen in T-ALL. Earlier studies have reported CD10 positive T-ALL to have a favorable outcome,\[[@ref4]\] but Consolini *et al*. concluded in his study that CD10 expression does not have any independent prognostic significance T-ALL.\[[@ref10]\] Furthermore, they found that CD10 T-ALL had FAB L2 morphology.\[[@ref10]\]

In the present study, we correlated the expression of aberrant immunophenotypic markers with FAB morphological subtypes in T-ALL. CD117 and CD33-positive cases were found to have L2 morphology in 66.6% and 80% of positive cases, respectively, with the presence of convolutions in 83.3% and 100% of positive cases, respectively \[[Figure 1a](#F1){ref-type="fig"} and Tables [4](#T4){ref-type="table"}, [5](#T5){ref-type="table"}\]. Cases with expression of CD79a showed L1 morphology with absent-slight convolutions in 100% of positive cases \[[Figure 1b](#F1){ref-type="fig"} and [Table 3](#T3){ref-type="table"}\]. On extensive literature search, we could not find any study correlating the association of aberrant expression of CD117, CD33, and CD79a with FAB morphological subtypes in T-ALL. CD10-positive cases had L1/L2 morphology with absent to occasionally present convolutions \[[Table 2](#T2){ref-type="table"}\]. Consolini *et al*. have correlated CD10 T-ALL with L2 morphology, but we did not find such a correlation in our study.\[[@ref10]\]

Conclusion {#sec1-5}
==========

There seems to be an association of aberrant markers (CD117, CD33, and CD79a) with L1/L2 morphology and absence or presence of convolutions. This is the first study to see the correlation of expression of these three aberrant immunophenotypic markers with morphological subtype in T-ALL. Morphological FAB subtype of T-ALL could point toward the aberrant marker likely to be expressed and hence can guide the hematologist about the prognosis; chromosomal aberrations likely to be associated and the targeted therapy from which the patient is likely to be benefitted. In addition, this can reduce the cost of extensive flow cytometry panels which has its own importance in a developing Indian nation. However, these correlation needs to be tested for statistical significance on a larger sample size and thus pave the way for future research.
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